Long-range tethering is a ubiquitous recognition event preceding membrane fusion. A new study shows that Rab GTPase binding causes 'entropic collapse' of the coiled-coil endosome tether EEA1, driving membrane apposition and facilitating short-range interactions required for fusion.
An elaborate network of protein-and lipid-mediated interactions facilitate, regulate and ensure the fidelity of membrane-dynamic and cargo-sorting processes required for the transport of integral membrane proteins, lipids and other cargo throughout the hallmark endomembrane system of eukaryotic cells. Several decades of intensive investigation taking advantage of genetic, cell biological, biochemical and structural approaches have led to the identification of many proteins and lipids involved in membrane trafficking between intracellular compartments. These include: coat and adaptor complexes that sort cargo while generating tubularvesicular carriers; motor proteins responsible for transport; coiled coil or multiprotein complexes that tether membranes for heterotypic or homotypic fusion; SNARE proteins that zipper to drive fusion; and chaperones, adaptors and enzymes that mediate or regulate assembly and disassembly of SNARE complexes. For the best characterized systems, budding, tethering and fusion events have been reconstituted with defined membranes and purified proteins (with or, in some cases, without a requirement for unknown cytosolic factors), allowing a detailed study of the underlying molecular interactions, intermediates, thermodynamic driving forces and kinetic barriers.
The concept of tethering as a longrange interaction preceding SNAREdependent docking originated with studies of the yeast protein Uso1p. This protein has a long coiled-coil domain in addition to globular head domains, and it interacts with the Rab1 ortholog Ypt1 and is required for the fusion of vesicles derived from the endoplasmic reticulum (ER) with Golgi membranes [1] . Putative membrane tethers, including coiled-coil proteins like Uso1p and multisubunit hetero-oligomers such as the exocyst, HOPS and COG complexes, have been identified for both heterotypic and homotypic membrane fusion. A defining characteristic of tethers derives from their (hypothesized if not always proven) ability to initiate long-range interactions between transport carriers and target membranes or between compartments of the endolysosomal system. These interactions typically involve binding to one or more small GTPases (e.g. Rab or Rho family GTPases) as well as phospholipids (e.g. phosphoinositides) on one or both membranes. The overall architecture of several tethering complexes has recently begun to emerge [2] [3] [4] , suggesting that a detailed understanding of the structural mechanistic underpinnings of membrane tethering could be within reach.
The endosome-tethering factor EEA1 localizes to a population of early endosomes and has a simple domain architecture consisting of a carboxyterminal FYVE domain that binds phosphatidylinositol 3-phosphate (PI3P) and is required for endosome targeting [5] [6] [7] [8] , an amino-terminal C 2 H 2 zinc finger that binds active (GTP-bound) Rab5 [9] [10] [11] , and a central heptad repeat region of 1,200 residues, which forms a parallel coiled-coil dimer with a predicted length of 200 nm in a fully extended conformation [12] . A membrane-targeting model based on the crystal structure of the PI3P headgroup bound to a dimeric carboxy-terminal EEA1 fragment including the FYVE domain and proximal heptad repeats predicts that the coiled coil projects away from membranes [13] , consistent with filamentous EEA1 structures observed by electron microscopy (EM) to extend from endosomes into the cytoplasm of cells [14] . These and other observations suggested that EEA1 could function as an endosomal tether through the interaction of its carboxyl terminus with PI3P on one endosome and its amino terminus with Rab5 on another [14, 15] . Indeed, inclusion of EEA1 in in vitro assays enhances endosomal SNARE-mediated fusion in a PI3P-and Rab5-dependent manner [15] [16] [17] .
An unresolved problem in the field concerns the transition from long-range tethered intermediates to short-range interactions required to mediate membrane fusion. The amino-acid sequence of EEA1 contains multiple short breaks from the canonical heptad repeat pattern, many of which are located in the amino-terminal 500 residues. These breaks are expected to introduce flexibility that would allow the coiled coil to change direction and could contribute to a passive mechanism whereby tethered membranes could approach more closely than would be the case for a rigid, extended coiled coil. In a recent study published in Nature, Zerial and colleagues [18] address this problem, with rather surprising observations regarding the structural consequences of Rab5 binding to the amino terminus of EEA1.
In an initial set of experiments, the authors used confocal microscopy to monitor asymmetric tethering of liposomes containing either PI3P (for EEA1 recruitment via its FYVE domain) or Current Biology 26, R913-R936, October 24, 2016 ª 2016 Elsevier Ltd. R927 Current Biology Dispatches DOGS-NiNTA (for Rab5 association via a carboxy-terminal 6xHis tag, which substitutes for the usual dual prenylated cysteines). These assays also contain a catalytic concentration of the Rab5 GEF Rabex-5. A substantial increase in colocalized liposomes or lipid-coated beads was observed in the presence of EEA1, Rab5 and GTPgS (a poorly hydrolyzable GTP analog), but not with GDP or in the absence of EEA1 or Rab5. Although these results indicate that a minimal asymmetric tethering system with excepted biochemical properties can be established in vitro, symmetrical endosome tethering in cells might in principle involve cis interactions between Rab5-GTP and the C 2 H 2 finger of EEA1 on the same endosome. Super-resolution stochastic optical reconstruction microscopy (STORM) in HeLa cells with antibodies directed to the amino and carboxyl termini of EEA1 suggests that at least the initial interaction of the C 2 H 2 finger with Rab5 is unlikely to occur in cis. To measure distances for minimal in vitro tethering, GFP-Rab5-6xHis lipid-coated beads were combined with EEA1 liposomes. Rather than observing a narrow distance distribution near 200 nm, as expected if EEA1 adopted a fully extended conformation, the measured distances spanned a wide range from 20 to 200 nm. In contrast, higher resolution analysis of EEA1 by rotary shadowing EM revealed a Gaussian distribution of endto-end distances with a mean value of 195 ± 26 nm, close to that expected for the fully extended conformation. Upon addition of Rab5-GTPgS, however, the distribution broadened markedly towards shorter end-to-end distances (mean 122 ± 50 nm), indicating that Rab5-GTPgS binding causes EEA1 to sample a broader range of more compact conformations.
To connect these observations to structural features of EEA1, two mutant proteins were generated: an 'extended mutant' with predicted breaks in the heptad repeat pattern deleted and a 'swapped mutant' with the amino-and carboxy-terminal halves of the coiled coil exchanged. The swapped mutant adopts mainly bent or kinked conformations whereas the aptly named extended mutant adopts predominately extended conformations. In contrast to the wildtype protein, addition of Rab5-GTPgS did not substantially alter the end-to-end distance distributions for either mutant. Fitting the data with a worm-like chain model used to describe polymer shapes indicates that Rab5-GTPgS binding dramatically reduced the persistence length (an indicator of flexibility that correlates tangents to the chain contour) for wild-type EEA1 but not the extended mutant. These observations suggest that contraction and increased flexibility induced by Rab5-GTP binding, which the authors term 'entropic collapse', could generate a force driven by increased conformational entropy that would effectively draw tethered membranes together as the system relaxes to a new equilibrium. Support for this idea is provided by experiments employing dual optical tweezers to monitor single interaction events between Rab5-GTPgS on one membrane-coated bead and EEA1 on another over a range of interbead distances. The potential biological relevance was explored in HeLa cells with EEA1 disrupted by genome editing. Whereas expression of EEA1 rescued endosome morphology and cargo uptake defects in EEA1-null cells, expression of either mutant exacerbated the knockout phenotype. EM analysis revealed clusters of small vesicles resembling an arrested tethered intermediate in the EEA1-null cells expressing either mutant but endosomes with a normal or enlarged morphology in EEA1-null cells expressing the wild-type protein.
These observations introduce an intriguing new Rab5-regulated dynamic state into the mechanistic model for endosome tethering by EEA1 (Figure 1 ). Understanding how Rab5-GTP binding alters the global conformational order of EEA1 requires more detailed structural characterization. Speculative possibilities include propagated register shifts or local unwinding or helix fraying proximal to break regions. It is unclear whether the conformational changes require simultaneous binding of two Rab-GTP molecules or whether one is sufficient. Potentially related to this question, the asymmetric unit in the crystal structure of Rab5-GTP bound to the EEA1 C 2 H 2 zinc finger contains a dimer of the complex in which the carboxyl termini of the two C 2 H 2 zinc fingers are separated Dispatches by around 45 Å [19] , which might be sufficient to perturb the quaternary organization of the proximal coiled coil. Finally, the propagated conformational changes could in principle affect interactions with other binding partners, such as endosomal syntaxin 13 [20] . Understanding the full implications of the observed entropic collapse and underlying structural bases awaits further investigation.
Male nematodes secrete pheromones that accelerate the somatic senescence of potential mates. A new study shows that this harm most likely is an unintended by-product of the males' aim to speed up sexual maturation and delay reproductive senescence of future partners.
Sexual reproduction requires a great deal of cooperation between the sexes. Nevertheless, males and females have different reproductive strategies, which often result in bitter conflicts between the sexes over all aspects of reproductionfrom mating to parental care [1] [2] [3] . For instance, in the common toad (Bufo bufo) males compete so intensely over fertilization that females sometimes drown under the weight of struggling rival suitors [4] . This example suggests that females suffer as a result of male-male competition, and that male behaviour is subject to positive selection because,
